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Tunnel Magnetoresistance in Fe/MgO/MgF2/Co Junctions
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Ferromagnetic tunnel junctions (MTJs) in which a
thin MgO seed layer was inserted between Fe bottom
electrode and MgF: insulating barrier were fabricated
through the use of molecular beam epitaxy. The
structure and tunnel magnetoresistance (TMR) were
investigated for Fe (200A)/MgO (5A)/MgF2 (20A)/Co
(200A) junctions. RHEED observation suggested that
an MgF2 layer deposited at room temperature was in
amorphous or nanocrystalline state. The TMR ratio
observed for a typical MTJ with barrier height of 1.6 eV
was 1.8 % at 4.2 K and decreased with increasing
temperature, down to 0.7 % at 293 K. It was found that
the bias dependence of TMR shows a strong
asymmetric feature, in contrast to conventional MTJs
with amorphous alumina barriers.
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Fig. 1 Schematic illustration of the sample.

405

NI | -El ectronic Library Service



The Magnetics Society of Japan

mm?) IZERTHIELZ. REBEX Co, Fe ERRItIC
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Fig. 2 RHEED patterns taken for an Fe (200A)/MgO (5
A)MgF2 (20A)/Co (200A) film grown on a MgO (100)
substrate along the MgO[001] azimuth. (a)-(c)
correspond to the surface of the Fe bottom electrode,
the MgO seed, and the Co top electrode, respectively.

Fig. 3(a)(b)IZ Z h Zh Fe/MgO/MgF2/Co b > R IIViES
D 4.2 K TORACHHAR & ERIRMER %2 R 9. BLEiRI
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Fig. 3 (a) Junction resistance and (b) normalized
magnetization at 4.2 K as functions of the applied
magnetic field for an Fe (200 A)/MgO (5 A)/MgF: (20
R)/Co (200A) MTJ. The bias voltage for the resistance
measurement was 10 mV.
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DEXEZRTIELHASINS. EE, Fig. 3IZRL
FRSEASHREIRCHRE H 2BRERVWHLEFKRZ T
LTHEH,
TMR =(Rar— RP)/Rp 6]

(22T, Rp, RaPiZTZFNZIREALDEITB L UTKRFETOD
L EDIEYUE) TEHZRINS TMRHEIZ 18%THS. L
D LRH S, BEIEMRIIRRERGE N EEICR>TH
5%, BILDRELERRFMIREBIIER L THRWI L &R
LTWa. i, @t Co BORALIARE D 2EFHIIC
HOMBAEICS 7 P LTWBEHEORBOBEETI
FREAENSTHBE 2> TH D, ThE R LTSRN
ghigIZRIBIC N L CIERMEDmW D e >T S . Z
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Fig. 4 Temperature dependence of the junction
resistance and TMR ratio for an Fe (200 A)MgO (5
A)/MgF: (20 R)/Co (200 &) MTJ.
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Fig. 5 Current-voltage (I-V) characteristics at 4.2 K for
an Fe (200R)MgO (5A)MgF; (20A)/Co (200A) MTJ.
The current direction from Fe to Co corresponds to the
positive bias.

Fig. 4 IZE&ELE TMR LOBREKREM ETRT. BE
EHIZRESELRZCEVERIIED LTV EID
BEREMELEREVOR, BREPICA A U Rt EEE
LI rickb, ZhdREpEMNERD, T 6DRMEER
POBFHAMICHEIND I EHREREATH 5 /e
£2z6n3 1, £/, TMRESERRICEENELRBIC
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Fig. 5 [CHINNEEIS 1 kOe TD, T72bH Fe BLU Co
BEOBILHENCFITOBED 4.2 K LB 2BH—
EERMZTRT. ENRIBELE T 2HEBETHIICD
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Bb5d, RRIIHLTUIIIHMTHEI LM S, MgFe
B MgO BOREEZDEDEEBIVRL, HBEBOE
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ERRIIZ74vT4 VT UERR, 2 —BUCiZES R
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Fig. 6 Bias voltage dependence of the TMR ratio at 4.2 K
for an Fe (200 A)/MgO (5 R)/MgF2(20&)/Co (200 &) MTJ.
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PORBEZFEERHVWEBEI, FhZhOREICE TS
AEIREFEE % KM U IERFME DR TMR e /S A
TAKEEDRNZZLEREL TS Y. EHFED
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HEEMLEZISNE =D, ThSDREH TMR D51 7
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Fe/MgO/MgF2/Co #&2ER L, ZOEE LBIIEN
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(1) RHEED B8 0# R, becFe(100)E FT MgO & —
FBIRTEY XS vy VICEELTWBZ Ehahor. &
7=, MgO B LICZERTHRE L MgFe X7 ENLT7 7 X &
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(2) L TERDREBAOZDHEEEZ R IRLHBEIES N,
MSUEHENR & DR WHHSBIHR D& & 1=,

(3) BHEEMITEE LRICHEVAERICHEY L. £,
TMR i 4.2 KIZBWT 1.8 % THbhH, BE LEIZHEN
WL LD, ZOELIBAEAOBELL L H~3 L8
PP TCH o,

(4) TMR id/ sS4 7 2EED A BEICA LTE LW IE
MEZERL, 512 MgF/Co RE D 5 Fe/MgO REAE
FHP U FINT BHEITIE, 300 mV (HED/NA 7 REE
BT TMR DR/ &R L7,
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